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WTIMLM MIX ff C13ERVATICN N 50LAR EKRGY IN BUILDING IJESICN”

J. !hqlas 9alccnntr
LrIs Alms 5cientlflc Laboratory

Lns Alamms, New t.texlco 87545

A mthdology IS developed for uptlmally
all~ating resnurrws hetw~n conservation
and solar s:rategles In hulldng d-sign.
Fmmllas are pre~lted for a constralnpd
cptirw.rn in which thp lnlt~al i!w~stment is
llmltecf. Ttw p:octiure 1s mmnahle . hiinct
nmly~ls i’ t.ahlrs are avallahlp which glvP
thr 5nlar Wvlnqr ~ractlrm a$ a fur,rtlon ,}f
triP Load (:nllertnr Ratio for the locality.
A mmr!r~l Pu,mplP 11: ~lvr!n,

!t,rp(~~ T1r-IN
.—.

P mpthmtnlrmy for Urvr]opin!l the opthnun
solar m~rny %vstem Ei7r given a flxcd
twIllIllrhI lllilll mt=t iclpnt was ctev~lopml hy

[Dufflr and Hecb~n md In puhllshcd
wrIrk hy UalCOmtI: alhl IIW f-w n useii
rxtwmlvcly Ir nnlar cn%t optlm17atlon
prrrtiurt=sm This resul?s In a qlolxIl
notimLsn nnly if thr ,Wclr,npr Wfl> rorrf=(t in
rhm!clw tlw= In!tlnl mrrny cmsorvat Inn
11-VP1, T% fnrmnll~m wnr. ~xtrnitm! Irl w:jrk
W f!rWl,WmIPlll ,wIII t$mkmnn. ,

-..
●wl!vL Iir”r-rlirrwul IHM 1111*;I1l.,pll’1% Ilf 1111, 11,
npplh’llf 111111.,

A conmm problem with prevlms stuciles is
that they require knmlecfge ot both ruturc
fml costs and the financial scenario which
*termines the present worth of 8 stream LI~
future expcrhlltures in order to locate an
optimum. Many ciesl~ners are relucLant to
use the procedures because of their
skeptklsm regarJiry such forecasLs.

In prior stdles rm scaltry law for ercrgy
conselvatlu~ cost was bnployed and instead
a few point calculations were used, 1he
advantage of a simple scallrq law !s t:,at
it allows Investigatlcm of the entire
three-dhmmtonal cost surface orovidify
Irwlght into the traseotfs heiy made,

C(J51 LQ(MTILM

Ener fJY Ccmservut.,ion-—

Iicat 10ss from d building lb mmndllv
charact~rlzed H!; the sum of sevt?rdl IWI1
llnw~ ~dCh arlln-- in pnrdlh?l. lul” iIII

rlpdqllc I?h?mllt, the “co’St pl!l’ N“ ib
lri~quvltly USU.I nt fullow:,:

rlr’.tl : IINJA1 - [1 (1)

whrru r~ 1% tlw Inrrrnyyto]. LYVlt IN*I H
1~1’r ‘q fl, 1{1 i\~l(-vXuII, ~il 1’. llIr
illlw llf tlw’ rlenx!llt , ,11111-1:1 1’1 UM’ IIl!)t
of Lhr VIIVXII!l l’xtrqudill~!d LU Iii 11,

,’1 1)1’llillfrm”lll Ill Illlllly, Llff IIT [If .Ull,ll



where: b! = 24rlAl 7 (4)

In mst cases it Is necessary to choose
frmn WJrq sr?veral different choices such
as wall thickness optionq. TFRJS the cost
eCiuatiOn is ret a ccnt~tuum as Indicated in
ErYn. 3 hut actllally a series of discreet
points which might lle al,mg n llnr
lncl~catedhy Enn. 3. For windows 9 similar
SCalinp law might apply where the clrilce is
t%! runtn?r of g]azings to M! used or the
possibility of applying insulation or. the
win~~ at fiiaht . The values of hi .I!ld
l?~ cm he obtained hy plotting a curve of
cost! vt?rslls l/L~ WId rhmslng the best
dope and intenxpt. Tfw smc acalimg law
is usml for perimeter insulation and
C9111S,

Inflltratlnn rpprewlts a major part of the
Iuildinq load Coefficient Sld little
lnformat’on 1s avatlahle on the cost of
rrducinq thr? infiltration load. It IS a
loqical crr~lusion, howewr, that th co=t
wijl Iwhave accordinq to the siww tyPe or
Invr?rsf= scaling law a~ EcpI. 3 with mly
dlscrlW chrtlcr% heIng available.

Ttn= total rmt and the tntal load 1% the
sw of thp parts. It ran he shown tha’
m!nl~ trfa] cost varlps lnvers~ly Klt)l
thr tntal Inad as follrJwG:

Crs”. = 11/L - Cc

wlw=r~:

‘“ ‘:71,.
nlll’f: I :

[
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1 nt thr
r~frqtl y !,I) /1 - f“ J nptllrm
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Wimcrw

65 ft 3

perimter
165 tt

cfrmrs
40 ftz

inflltrat on
lm ft J

●reference case

U=l.64
11=1.lm
u= .82
U= .65

0

1:
15

1
7.4
12.4
17.4

0.2 ACH
O.fI ACh
0.7 Am
1,0 ACH

2557
1696
1279
1020

33W
1650
urn
w>

960
130

77
55

943
lW.7
3302
4717

-304

29;
599

0
329
659
5B9

@

;;
132

2667
lm

286
u

l“rom these the followirn chgracteristic~

cm be *termired. -

Element Ai Ci ri q LIi

M 1s 865 215 .0211 37YCW elti
RrwJf lm 349 ,0145 7e4mo 13U5
mIndows 65 902 15.1 15xK10U lLj7
Perlmter 330 lmdau lW
Orxrrs 40 8 .m 77LKI 88
Infiltration 666 3144LW 1773
S.url m

thcreforr: b = 56422 = 3183ZX0, cc = 247(J

There are 46 = 40% cotrhinatlons possible
film tk array of orlglnwl ctwlcesm Ilk!
total cost rmd total lodd of each of ttme
pr3SSihJC cc+nblnatlons 1s plotted on Fi:i. 1,
The curve corre~aldi~ to L~, 5 1S ~1:,11

plrrttcd on this curvu, Ule curl *U tha
thr Clirvr tkres rel”,rc!jcnt Lln! lmrrr Inmrm Ut
chnkrs, E% clalm.J,

[l-witn~ mlar Collertlon Arm.—— .—

In tflr$ Ivllmd fMtl~On It ]S as!iu~!il lllill

tlw’ Md-oll rwit of solar cIlllrct.11111 illlssl
vntl(!!. llrmrly will I UW i+rm,, il> ful]nw!, :

,, \/. Jl.l’wl fl
l“,, II
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The%,e might r~plesent typical costs which
would he experirr,ced for a passive system
installat~on consisting of a Trmbe wall
which uses RQ Jr%ulation at rdght.

The solar perfurmame curve nust he
jetermlnfd for the local cllmtrs, Th!% can
he ckyne u%fng the F-Chart mr=thod for an

active system or the LAS Soiar/Load Ratio
methm! frr a passive system cr throl@l a
detailed simulation ana!ysls. ill my case,
the rr?sults should he expressed as solar
savings fraction F, versus the
lnad.’ctYllectrJr rnljo, LCFt.

LCR ❑ L,’A (13tu ’:M3-sq ft)
F = fmction of LCR

lllN5TRAINHt LPTIMIZATTON

The annual nlJXlliar~ Pneray rrqulrPd hy tf’e

hUildillq i5 ~[VC5 by thl’ fG~~OWfr@ euWtjOn

anourrl AUU. = L(l-F)(dFqrm= days) (11,’

For a constra~nprj optimization Sltuatlon

thp annlJal a[mlljary energy IS to be
minim17e+d sJhjPr! tn a limit on thr init It]l
coct qlvm hy th~ fnllrtti{nq:

lnlt!al rest =an+h!L+ra -Cc (1’,)

Tb.,,iit Is n~~<sary 10 mlnjmltr tlvj

prtiurt, L(I-F), TiJllmlPrt tn R filrw Illitlal
crt.;t, Thlr can hc snlvrd Ily Laqrarl?[.,,]
nnJltlpllPr t~rtnlqlrs Ilr o,her mrt.h~l,. tn

prrh-lum tfw f[lllnwlrul rmllltIrm:

lrl=~ ( Ifl)
an - Ln/LlY4 (1/)

whnro: R -. 1 + i,rff(l-F)m (IN)
f) , ff~ff(lukt) (,)~

llwrm m,imf Inns dpflnr ttw lw:IIIi nf f.IolF\tF,
whlrh fv-prpspn? nn nptlmlln mlx Iwtwwll
rnrl-.nrv,l! I[wl Ilrlit wllilr *t rntvqlr~,,

I W*.. . . .

l: IIIIP I Ii Sit-, v, II II*Ii nf F , L [W, [1, ;I!l, I 1{
ftlr [lr~hir~ r’llv tuir,rl from Rrfprtvlrsr / Wltsihll

llIif G mtrh v.IIIrG fnr ?I’J rlflr., frr Lllriv.f

mlrl, lrnrrdw~ w;III , Wwl wlt~r’ will I p:l”i!, lvr
wll;lr rnrlflqilr:ll II IIV; wIIII IMWI WI ItWMIt 1{11

Ill IIIIf IIr,ll]nt lrlrl, I’[lrri*..l\lwllfllhl ly]tltrrlrn

m!v v:tlln~I; nf I NfNi n Iirt, ,I:W .;IIIIWI 111
Iiltllls 1 IIMelmlrmt fllmm I l?!%, III 1111111/
ll%llwl llw rvml Ivw,tilnl I, II IIIWI :1 frxm tlIII

llrrwlini,, r.:~llm,;, llw~ flll;ll ltl,~ 1;11 [Wst

l~i Ilvvl lvlllulllltmf fylwl IIpl, 1’1 ,11),’ flll~
lII~il IYIIIIM+l l,: 11111 Iqw!r,]y IiIIvl Ihp, Ioq IIlrv’11

tIl ,1 I.lwlvrsrlflllll;ll IIIMI,,I,fill wII~I+lIlw, I.11,,1
Ilf lvmlWr’vlll Ilwl ,rrhl 1111, IIP, I Ill Wll,ll Il!v

,~vrl~,

Now suppose that om had approximately
Mm to WHd On solar anir cmservation
strategies. wha: would be the opthrkrm
design? ‘ooki!y in Table 1, entries are
found corresfmdlnq to a solar savirlgs
fraction of 6J3%wr]lrh leads to m inilidl
crJst of f.3943. Corresponflirq values of L

and A are 7470 btu/U, ml 285 rq tt,

respectively. The savirgs 1s 7/~ compared
to the referel!ce hcusc,

In order to obtain L . 7420 Fq-Is. 10 or 12
can be wloyeti and then ttle closest case
can be ldcated from army the discreet
chc!lccs oosslb!.e. Thi: lPiIds to tne

following table:

Elenmt Lopt . closest case (s)

w+] 1s OIL 2or3
ceilinq 1164 2or3
Wirl12Jws 1627 z
perlmter 1372 ~or~
door q 115 ‘ur)
inflltratlmn :?331
iium m

lhlr pnxess P,as narrowed tl,e nutier of

rholres rrom Lc”lb to lh, Eadl ut ttle 1(, 15
Optlml. The builder cmld pick any
conWrmtion krmwlrq that It is a good mix.
lhe choice may w1l hu based CIII pretdrt’rice
or som culslderatlon ntller than
Pcnnonlc..

Fl~ure 2 Slnw-. enrqy %rviys tis a fwlctlnn

\Jf thr cost of parslv~ sul,lr and tllc COI,L
nf cr%ervotlorl, TIN? ~curvtid Ilnps CM1tile
grnph SIXJW L’P’;,]y SaVlr~!,, C~,dlt.NJ Lu ttll,

rcferrnce ncul-nul~r hlwsl! wI)lc’1 rt!qlJ! -es LI%
mlllIon Wu/yr for l**dt,Irq, lIIC’ I. LMull

llrl~ SIWWS “1!1 lrl~.tliil Pxplw!+e Of *44MJ ful
~vwlscr’.iltlurl ilrltl wiiir lmltllrM.

AI”KMIwIIIIMNI:,-. . .. . . ,- . . -. .

IIW iulltlor i% l]lil*llfl,l f~ll llilV1l’1* IIIVIV1 Ily

Irrwnll,, l\, II IIyI ;III, ~ ‘IIVIII NIIII 1111111-I tlIi I.
‘.tlkly,

I



lAbLE I
IWTIr4JM MIX PAIrh FQ< DCUXJE CITY EXAWLF_

(RmoSq l)
215 10.7

lm 17.8
63 M.o
45 14.6
34 12.7

10.2
: i. 2
15 i.4
10 IIfl

R

lomfl
5.49
J,71j

2.85
2.34
2.02
1.83
1.60
1.56

L
m u.?Lro

9219
~ ?4

847J
8220
7086
7420
6932
6177
5?44

1. J. A. lWffir?, w, A. RrWm+r, and J. L,
~kk~r, “Solar HPatind in the lhl’. fIU
<tatPs”, A= wlntpr Am~al MP~tlw, Ned

York, IQ76,

?. .1. D. I%lcordI, “5crlar Sy%tem
@ptlm17ntinn nnri the Cnl!Pctn!
Fffwtlvr=r~~< In~i”, prwmted hy l’. A.

I?ankstnn as piirt of a Fo=ml, invltrd

rrltln~ nf Ref. ] whm it un~i prcsmtud at
!Iw= 1976 MK Winter L!nnual vp~tlnqm

,,, L. PIllmltrr i.wmf S. NI~ll, “Pa:;nl\I.,
Artlvr,, Ilr!d [:nrl%rrv;ltlrm: Jln r~lmrllrtil, ,1,.’
Irrvnmtr III MI VI; I’l”. ,)rm,w,l~r~l; (If I!’ii s-f’”

‘.l,]:lr r’nllllrr%n, tll ]rint; l 714 MilY-1 .llirht ]tl?’~m

A
Sq ft

43

15
183
232
285
3h2
412
524

980
1140

:%
1570
1920
21’?J

2G80

costs ——
sol Init.
s a

320 1:.lJ
1790

1% 2293
1360 276Q
17?fl 329u
2120 3940
2540 4730
30711 5750
39al 75cI0

Energy
Savings

36
45
54
62
69
77
84
90
%

,1(.,”,.,prv,lfIIwl ;Uhf ‘Wll.l.”:}!, .1, Il. Iulll’ml,
wrlrl~llln li~rlltmrw, :,illl~hl Ilvziftn,i
‘illlll]:llIIW1 WIII Ilww)mll Afull V“. 1’.

I“lwrlrwoo %1111111s(]11,[“n, ,1;111, .J!. ,%, Iloul,
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ZXfWPLE FOR DODGE CITY, KRNSRS

COST OF PF!5+SIVE SOLFIR

s5000

s~l)oo

$3000

s200@

Kk 0171YIJM MIX

\

\

,U
<~), 5% ZNKRGY

\, . ,. SWINGS

.--b.[)
o s2000 84000 #6 000

COST OF ENERGY CONSLNWTION

1 ,311, .’ . I .,1 1,,1111.111 1,1,11 ..1, !l: 1,. I ! !11. 9.1,, I l,, ....,.11,11,. , xl,., !,..1
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